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INTRODUCTION 


In conjunction with the statistical survey of the lime industry in 
1939, by the Bureau of Mines, producing companies reported the lime—-fuel 
ratios attained in their plents according to type of kiln and kind of fuel. 

- Each ratio, expressed as the number of pounds of lime burned by a unit | 
quantity of fuel, was weighted according to the tonnage of quicklime pro- 
duced at the reporting plant and grouped with similar data from other plants, 
so that an average ratio for each type of fuel and, kiln could be calculated. 
By this method the variables that affect ratios of individual plants are 
more or less equalized, and the computed average lime-fuel ratios provide 

a fair measure of kiln and fuel efficiencies during 1939. 


SCOPE OF REPORT 


Commercial sales of lime reported to the Bureau of Mines by producers 
in 1939 comprised 2,936,295 short tons of quicklime and 1,318,053 short 
tons of hydrated lime. By reducing the quantity of hydrate to its 


1) The Bureau of Mines will welcdme reprinting of this paper, provided the 


following footnote acknowledgment is used: "Reprinted from Bureau of 
Mines Information Circular 7174.8 | 
2/ Associate mineral economist, Nonmetal Economics Division, Bureau of Mines. 
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approximate weight of contained quicklime (1,035,500 short tons) the total 
tonnage of quicklime was roughly 3,972,000 short tons; however, this 
quantity includes 671,561 short tons of refractory (dead—ourned) dolomite, 
which is considered separately in this report because of the higher cal- | 
cination temperatures used in its production. Eliminating refractory 
dolomite, the quantity of quicklime sold in 1939 was 3,300,500 short tons. 
This total includes only the lime sold in competitive markets; it ex~ 
cludes the so-called "captive tonnaget produced by integrated companies 
as an intermediate material. Although the figures reported by producers 
represent the quantities of lime sold or used, they are considered here 
as equivalent to production or kiln output. 


Data on fuel ratios were received from producers whose aggregate 
output of quicklime was roughly 2,400,000 short tons, or slightly less 
than three-fourths of the total quantity of quicklime made in 1939. 
Producers of refractory dolomite who supplied data on fuel ratios pro- 
duced 532,650 short tons of this material, or nearly 80 percent of the 
total quantity of refractory dolomite sold in 1939. 


“YPES OF KILNS 


Although limekilns vary greatly in size and design, they may be sep- 
arated into three general classes: Pot, shaft, and rotary. Pot kilns 
(vertical, more or less cylindrical types) are charged with a mixed feed 
of stone and fuel and usually are operated by batches out my be run con~ 
tinuously. They are limited.to the solid fuels that have strength enough 
to support the charge. Shaft (also termed "patent" or "vertical") kilns 
are large vertical, more or less cylindrical kilns in which the solid and 
liquid fuels are burned in fireboxes outside the snaft, and only hot gases 
or gaseous fuels come in contact with the stone in the caicining chamber. 
These kilns, which are operated continuously, are charged with stone at 
the top, and the lime is drawn off at the bottom. Rotary kilns are long, 
nearly horizontal cylinders that revolve slowly. ‘They are operated con—. 
tinuously and are fired with geseous, liquid, or pulverized solid fuel that 
is blown into the calcining chamber and burned in contact with the stone. 


FUELS 


Bituminous coal, which is easily available in many localities at a 
relatively low price, is the fuel used most widely in the lime industry. 
It is the only fuel that can be employed in all three types of kilns and 
was used in burning slightly more than half of the total quicklime and all 
of the refractory dolomite produced at the plants included in this study. 
Producer gas, which is made from bituminous coal, ranked next in importance 
as a fuel in the lime industry. Other fuels are used only in regions 
where their choice is dictated by occurrence, availability, price, or 
combinations of all threo factors. For example, natural gas is the dominant 
fuel in the South Central States, wood in the Northwestern States, and fuel 
oil in California. Upon the basis of the tonnage of lime burned, these 
fuels rank as follows: Natural gas, wood, coke, fuel oil, and anthracite. 
Other fuels employed were pitch and a mixture of wood and bituminous coal, 
cout as they were used in only one or two plants no data may be shown 
concerning theme 
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METHODS OF CALCULATION 


For plants that reported sales of both quicklime and hydrated lime, 
the hydrated lime was converted to a quicklime basis. For this conversion 
the average quicklime equivelents shown by analyses of commercial hydrates 
were found to be 76 percent of the high—calcium and &2 percent of the 
dolomitic-lime hydrates. | 


Average Lime-Fuel Ratios 


The fuel ratic of a plant (pounds of lime per unit of fuel) was 
weighted according to the production of the plant by dividing the ratio 
into production; this calculation yielded the theoretical quantity of 
fuel used. For plants reporting more than one ratio because two or more 
types of kilns or fuels were employed, the total plant production was ap— 
portioned among the several sets of factors according to the best in- 
formation at hand, and the assigmed tonnage was used to weight each 
reported ratio. 


After the reported and calculated data on the plants were grouped 
according to type cf kiln and kind of fuel, the aggregage tonnage of 
quicklime produced by the plants in each group was converted to pounds | 
and divided by the quantity of fuel; thus, an average lime-fuel ratio 
was obtained for that particular tyne of kiln then using a certain fuel. 
These ratios my be used as measures of performance in each particular 
group. 


Thermal Zfficiencies 


In order to commare the relative effectiveness of the fuels and | 
kilns the thermal efficiency, expressed as the ratio of the heat actually 
applied to the heat theoretically required to produce a short ton of lime, 
was computed for each fuel in each type of kiln. The results are ap-. 
proximate because average B. t. u. values were employed for the several 
fuels, all calculations were mde upon a moisture—free basis, and the . 
heat required was calculated for a batch process although only pot kilns 
are operated in this menner. 


The total heat suoplied was ascertained by miltiplying the quantity 
of fuel employed by the average B. t. u. value of the fuel. The heat. 
applied per short ton of lime was found by dividing the total supply of 
heat vy the tonnage of quicklime produced. 


The theoretical quantity of heat required was calculated in two steps: 
(1) The heat needed to reise the stone from an average atmospheric tem 
perature (60° F.) to an assumed average maximum temperature of calcination 
(2,200° F.) and (2) the heat required to dissociate the limestone into 
Lime. 
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The reaction that occurs in calcining a chemically pure limestone 
may be expressed as followss 


Limestone + heat —— lime + carbon dioxide, or 


As 1.786 pounds of limestone are required to produce 1 pound of 
lime, this weight of limestone multiplied by its specific heat (0.216) 
and the temperature differential (2,2009 = 60° F.) gives 826 B. t. u. as 
the quantity of heat necessary to raise the temperature of enough stone to 
produce 1 pound of lime at an average calcination temperature. The dis- 
sociation of 1.786 pounds of limestone to 1 pound of lime requires 1,388 
B. t. ue Hence, the total theoretical heat needed is 2,214 B. t. u. per 
pound, or 4,428,000 B. t. u. per short ton of high-calcium lime. 


Tne theoretical heat recuirements of refractory (dead=-burned) dolomite 
are calculated similarly. The reaction follows: 


CaMg(COz)o + 72,900 cal. U/=* CaOMe0 + 2002. 


The heat needed to raise the temperature of dolomite to an average 
calcination temperature equals 1.913 pounds (quantity of stone required) 
times 0.222 (specific heat) times (2,S00° - 60° F.) (temperature dif- 
ferential), or 1,164 B. t. u. per vound of refractory dolomite produced. 
This quantity plus the heat of dissociation cf the reaction, which is 
equivalent to 1,361 B. t. u., equals the total theoretical heat require— 
ment, 2,525 B. t. u. per pound or 5,050,000 B. t. u. per short ton of 
refractory dolomite produced. 


The heat needed to calcine dolomite to dolomitic lime, computed by 
the foregoing procedure with 2,000° F. as the average maximum temperature 
of calcination, is 2,185 B. t. u. per pound or 4,370,000 B. t. u. per 
ton of dolomitic lime. This quantity differs so little from that cal- 
culated for high-calcium lime that the latter figure is used throughout 
the report. 


LIME~FUEL RATIOS 


Variations in heating values. - As cost per 3. t. u. usually is the 
strongest factor in selecting a fuel, lime producers commonly utilize low- 
cost local fuels. The unit heating value of certein fuels, such as 
bituminous coal, varies appreciably in different localities. This di- 
versity in value probably is an important cause of variations in comparable 
fuel ratios reported by the producing companies, The marked differences 
in fuel ratios shown in table 1, as attained with bituminous coal in 
shaft kilns in several localities, probably are due largely to variations 
in the heating value of the coals employed. 


3] Heat of reaction calculated with data from Bichowsky, F. R., and 


Rossini, F. D., Thermochemistry of Chemical Svbstances. Reinhold Pub- 
lishing Corporation, New York, 1936, pp. 44, 113, 117, 120, 121. 

4/ See footnote 3. 
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TABLE 1. — Lime-fuel ratios attained in shaft kilns using 
bituminous coal, by States, inl 


Reporting Wumber Lime 1/ Lime-fuel ratios 2] 


State Oper- of produced Calculated 
ators|Plants | kilns (short tons)| reported average 
Colorado, New 


Mexico, Utah, | 
Montana...... 5 09 2250 to 3.85 3.54 


Missouri.....| 4 7 ; 2250 to 3.00 2.87 
Indiana, 
Michigan.....| 5 : 1.47 to 4.25 1.87 
New York, 

Maine, Mass- 


achusetts....| 4 3238 
OM Giicccscaae lt “3 3290 
Penisylvania.. | 11 3-38 
Tennessee.....| 6 2258 


Virginia, West 
ViIPRINiG 6.66% Sg U 
1/ Quantity of quicklime sold plus calculated eouivalent quicklime contained 
in hydrated lime sold from reporting plarts in 1939. 
2/ Expressed as pounds of lime calcined by 1 pound of bituminous coal. 


A noteworthy feature of table 1 is the wide range (from 1.4!7 to 5.23) 
in the ratios reported for individual plants. There is a marked correlation 
between the locations of plants in which ratios were low and areas that 
contain bituminous coals of low heating value. The only areas in which the 
average ratios fall below 3 are the Central, or Mississippi Valley, States 
where the coals have relatively low B. t. ue vaives. The average ratio is 
highest in Ohio where large, efficient plants use mainly coals from West 
Virginia with high heating values. 


Relative Importance of Different Fuels 


The popularity of bituminous coal for calcining lime is evident from 
table 2. Indicated consumption of this fuel in reporting plants for direct 
calcination of lime approximated 400,000 short tons and for mking refractory 
dolomite, about 225,000 tons. In addition, bituminous coal converted to 
producer gas totaled 125,000 tons, and the tonnage of coke consumed was 
equivalent to approximately 50, 900 short tons of coal. Altogether, the con- 
sumption of bituminous coal in reporting plants totaled approximately 800,000 
short tons. Other fuels included nearly 4,000 short tons of anthracite, 
70,000 cords of wood, 1-1/2 billion cubic feet of natural gas, and 200, 000 
barrels of fuel oil. 
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Co arison of es cf Kilns 


Pot kilns generally are considered the most efficient type, and this 
conclusion is verified by the data in table 2. Shaft kilns usually are 
regarded as more efficient than rotarv xilns; but, as shown in the table, 
the average ratio with bituminous coal is higher in rotary than in shaft 
kilns. This higher ratio is due partly to the fact that rotary kilns employ 
coal having a higher average heating value than coals used generally in 
shaft kilns and partly to recent advances in the design and more efficient 
operation of rotary kilns. 


The wide ranges ir senor el ratios for. each fuel in a kiln of a par- 
ticular type are due partly to the variable unit heating value of the fuel 
and, other factors being equal (size and gradation of feed, etc.), partly 
to differences in age, design, and ep are ae technique of the calcining 
equipment. 


THERMAL EFFICIENCIES. 


Heat applied to the raw stone to produce a unit quantity of lime varies 
with several factors. Of these factors, efficiency of the kiln and ef 
fectiveness of a fuel in that kiln are controllable only to a limited ex- 
tent by the operator. Probably some fuels would be more effective in one 
type of kiln than another, or one fuel may perform more efficiently than 
another in equipment of the same type, other factors being equal. 


Efficiencies in table 3 are the results of calculations based upon 
reported and theoretical data that attempt to evaluate the relative ef- 
fectiveness of the different fuelsand types of kilns employed in the 
lime industry in 1939. It should be remembered that "thermal efficiencies" 
as used in this report are merely relative measures of the effectiveness of 
different fuels end kilns expressed in terms that permit ready comparisone 
They are limited as described under Methods of Calculation, and as they 
do not take into account the heat balances of the calcination process they | 
are higher than they would be if all the heat uses and losses were considered. 


Comparison of Fuels 


As indicated in table 3, coke used in shaft kilns was more efficient 
than any other combination of fuel and kiln, although only a relatively smalf 
quantity of lime was produced with this combination. A large tonnage of 
lime was burned in shaft kilns with producer gas, the next most efficient 
combination. Bituminous coal had the lowest efficiency of the fuels em- 
ployed in shaft kilns but the highest in rotary kilns. For over-all operation 
with the fuels used, pot kilns were the most efficient, shaft kilrs were 
next, and rotary kilns were the least efficient. The efficiency of rotary 
kilns for making refractory dolomite with bituminous coal was considerably 
lower than for burning lime with the same fuel, as dead burning requires 

a much higher temperature than calcining to quicklime. 
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TABLE 3. - Heat applied and thermal efficiency attained in calcining 
equipment in lime plants in 1939 


Type Kind ; Lime 1 B. Ge Ue Ts ed 2 Thermal 


of of produced, efficiency, 
kiln fuel short tons aujsins fob me pageant 


Pote.e..-. Anthracite........ 8,880 


Bituminous coal...| 10,784 ea 
Dain. so san wee ca ed 115.275 68 
fcr « ee - ‘ 17,504 , 
BOAT Uskche: ARTE RCT Oks iilccad OU 
Bituminous coal.. 55 
CABeiwicsts 5 aids we 77 
Producer gas..... 70 
Natural gas...... 67 
Tasl. Glliccstyecws 63 
WOUG 6 6 sc hiwieaae% 66 
28 
Rotary.... Bituminous coal.. 347 7 
Producer gas..... 1,698,632] 9,492,000 7 
Natural gas...... 1s »730 ts 1386» 000 5 
Brel 68 toc sanwcsx 1 : 1,000 : 
Grand total........... A g 


1/ Quantity of quicklime sold plus calculated equivalent quicklime contained 
in hydrated lime sold from reporting plants in 1939. 

2/ Unit heat values employed are: Anthracite, 13,000 B. t. u. per pound; 
bituminous coal, 13,000 B. t. us. per pound; coke, 12,750 B. t. up. per 
pound; natural gas, 1,000,000 B. t. u. per M cu. ft.; fuel oi1, 6,000,000 
B. te. ue per barrel; wood, 16,500,000 B. t. ue per cord. 

3/ Theoretical quantity of heat required divided by quantity applied. 

See text. 


__ Refractory ee dolomite 
Rotary.... Bituminous coal..| 932,050 | 5,975, /10]11,219,000 | é, 
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